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ABSTRACT 
In isolated vascular strips from normal human breast skin, the threshold for contractile 
response was 2 X 10- 11 gm/ml for norepinephrine and 6 X 10- 11 gm/ml for epinephrine. 
Isoproterenol gave contractile responses at 1 x 10- 6 gm/ml. Blockade with phentolamine 
and propranolol indicated alpha receptor activity. Serotonin and angiotensin also induced 
contractile responses. Physiologic and pharmacologic dosages of histamine, bradykinin, 
acetylcholine, and methacholine did not cause any significant response. Contractile 
response occurred with adenosine diphosphate and adenosine triphosphate but not with 
cyclic adenosine 3', 5' -monophosphate. Phasic activity occurred in most vessels when 
stimulated by catecholamine and in all vessels when the concentration of potassium 
chloride in the bath was increased. Species differences are indicated because skin vessel 
strips from humans respond only to serotonin, while those from dogs respond to serotonin 
and bradykinin and those from rabbits respond to serotonin and histamine. 
The response of isolated vascular smooth mus-
cle strips to vasoactive mediators has been dem-
onstrated to be specific for some organs and for the 
size of the vessel. Species differences have been 
shown for cutaneous vessels; isolated skin vessel 
strips from rabbits respond to histamine but not 
to bradykinin, and those from dogs respond to 
bradykinin but not to histamine [1 ]. As a prelude 
to studying human vascular disease, we have 
studied the responses of strips from human skin 
resistance arterioles to vasoactive mediators. A 
specific pattern for the substances tested on 
human tissue emerged in that these strips re-
sponded only to catecholamines, serotonin (5-
hydroxytryptamine), some adenine nucleotides, 
and angiotensin, and that only alpha receptor 
activity was observed. 
MATERIALS AND METHODS 
The samples of breast skin were obtained at operation 
from 23 patients; the anesthetic agent was halothane 
(Fluothane) or methoxyflurane (Penthrane) for 22 and 
ether for 1. Vessels 300 to 500 micra in outer diameter 
were dissected from the dermis and subcutaneous tissue 
and freed of connective tissue by blunt dissection. 
Helical strips were cut as outlined by Bohr et al [2] and 
by Sams and Winkelmann [3] and mounted in a bath of 
physiologic salt solution at 37° C equilibrated with 0 2 
(95%) and C02 (5%). The composition (mmoles/liter) of 
the physiologic salt solution was: NaCl, 119.0; KCl, 4.7; 
KH2PO., 1.18; MgSO., 1.17; NaHC0 3 , 14.9; glucose, 
5.5; sucrose, 50.0; CaCl 2, 1.6; and calcium disodium 
EDTA (Versenate), 0.026 (to chelate trace metals which 
would catalyze auto-oxidation of catecholamines). One 
end of each strip was attached with 6-0 silk suture to a 
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fixed point, and the other was attached to the movable 
arm of a force displacement transducer (Grass Model 
FTo3C). Contractions were recorded with a polygraph 
(Grass Model 5) at 0.25 mm/sec. The muscle strip was 
placed under 100 mg of tension and permitted to 
equilibrate for 2 hr, during which time it was washed 
with physiologic salt solution every 15 min. 
The concentration of drugs utilized is reported as the 
final concentration in the bath in grams/milliliter. The 
duration of exposure to test substances was 1 min if the 
response was immediate or up to 5 min if the response 
was slow. 
A total of 100 strips was tested for threshold values for 
norepinephrine, epinephrine, potassium chloride, hista-
mine, serotonin, and angiotensin. Isoproterenol, acetyl-
choline, cyclic adenosine 3', 5' -monophosphate (cyclic 
AMP), adenosine diphosphate (ADP), and adenosine 
triphosphate (ATP) were tested on 50 strips each, 
methacholine was tested on 30 strips, and bradykinin 
was tested on 57 strips. Twenty-one strips from six 
patients were studied with standard solutions of phen-
tolamine (1 x 10- 6 gm/ml) (Regitine) as an alpha 
blocking agent and propranolol (2 x 10- 6 gm/ml) as a 
beta blocking agent. The blocking agent was added 15 
min before each stimulation with successively increasing 
concentrations of either epinephrine, norepinephrine, or 
isoproterenol. 
RESULTS 
Average threshold concentrations for response 
of isolated human vascular smooth muscle strips 
were: norepinephrine, 2 x 10- 11 gm/ml; epineph-
rine, 5 x 10- 11 gm/ml; serotonin, 4 x 1Q- 8 gm/ml; 
and potassium chloride, 9 x 10- 3 gm/ml (Fig. 1). 
Responses were elicited with angiotensin, and 
these responses were tachyphylactic. Threshold 
concentrations of isoproterenol for a contractile 
response ranged from 1 X lQ- 4 to 1 X 10-s gm/m} 
in various strips. No relaxation occurred with 
isoproterenol at any concentration from 10- 4 to 
10- 10 gm/ml with or without potassium chloride-
induced tone. No significant response occurred 
with histamine, acetylcholine, methacholine, or 
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FIG. 1. Typical responses of human skin vascular smooth muscle to decreasing concentrations of epinephrine, 
norepinephrine, and 5-hydroxytryptamine in one skin vascular smooth muscle strip. Tachyphylaxis to angiotensin is 
illustrated in the response to a constant dose. The multiple close-set vertical lines represent wash artifact. 
bradykinin (Fig. 2), although these same strips 
responded to catecholamines, 5-hydroxytrypta-
mine, and potassium chloride. The ultimate con-
centrations of the four agents without response 
were 10- 3 to 10-• gm/ml and, even at such high 
concentration, only 4 of 100 strips responded to 
histamine, 3 of 50 responded to acetylcholine, and 
4 of 57 responded to bradykinin. 
At concentrations of 10- 5 gm/ml, ADP and ATP 
each caused contractions of isolated vascular 
strips in 45 (90%) of the 50 strips tested. Cyclic 
AMP did not cause a response during 5 min in any 
strip studied. 
The catecholamines did not always elicit a 
response, even with vessels that responded to 
potassium chloride and ATP. Forty of 100 strips 
did not respond to norepinephrine, and 17 of 30 
strips did not respond to isoproterenol. Sixty-five 
of 100 strips did not respond to serotonin. When 
brisk low-threshold responses occurred to the 
catecholamine, similar responses occurred to sero-
tonin; when catecholamine response was absent or 
limited, the serotonin response was similarly ab-
sent or limited. The strips that did not respond 
frequently came from the same patient; thus, four 
patients accounted for 32 of the 40 strips that did 
not respond to epinephrine. We cannot account 
for the absence of reactivity in these four persons 
on the basis of history, anesthesia, or technique of 
preparation. 
The use of standard solutions of an alpha 
blocking agent, phentolamine, and a beta block-
ing agent, propranolol, with varying concentra-
tions of norepinephrine and epinephrine from 
10-s to 10- 15 gm/ml and isoproterenol from 10- 4 to 
10- 10 gm/ml confirmed the comparative reactivity 
on the alpha receptors because norepinephrine 
and epinephrine were more reactive than iso-
proterenol. After alpha blockade, low concentra-
tions of norepinephrine and epinephrine appeared 
to produce slight relaxation. This was best ob-
served when the potassium chloride concentration 
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FIG. 2. Responses of human skin vascular smooth 
muscle to potassium chloride, 5-hydroxytryptamine, 
adenosine 5'-diphosphate, and adenosine 5'-triphos-
phate and absence of response to pharmacologic doses of 
histamine, acetylcholine, bradykinin, and cyclic adeno-
sine 3', 5'-monophosphate. The strips with negative 
responses responded to catecholamines, 5-hydroxytryp-
tamine, and potassium chloride. 
mM to produce continuous contractile tone. 
Alpha blockade did not reveal any change in 
isoproterenol activity. Blockade with propranolol 
produced no significant change in epinephrine 
and norepinephrine response. 
Spontaneous activity was noted in 71 of 100 
vessel strips studied. The phasic and repetitive 
activity often occurred after catecholamine stimu-
lation. Alpha adrenergic receptor blockade with 
phentolamine and beta adrenergic blockade with 
propranolol did not stop the phasic activity. 
The vessel strips from the patient who had ether 
anesthesia gave no response to catecholamine, 
serotonin, or angiotensin, nor to the other vasoac-
tive mediators in 12 of 12 strips studied (Fig. 3). 
The only responses obtained from these strips 
were to ATP, ADP, and potassium chloride. This 
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FIG. 3. Cutaneous smooth muscle strips from the patient who had ether anesthesia responded only to adenosine 
triphosphate, adenosine diphosphate, and potassium chloride. No responses were observed to catecholamines, 
5-hydroxytryptamine, angiotensin, histamine, or acetylcholine. 
is in contrast to the results reported above in other 
patients. 
DISCUSSION 
Norepinephrine and epinephrine thresholds for 
small subcutaneous arteries of human breast skin 
are similar to those obtained with rabbit ear skin 
vessels. The patient's age and blood pressure did 
not correlate with the thresholds. Some variation 
in response may be related to the anesthetic 
agent, halothane or ether, because only four 
patients produced most of the strips which were 
not active to catecholamine stimulation, but this 
hypothesis remains to be tested. Isoproterenol, a 
beta receptor stimulating agent, induced a con-
tractile response at much greater concentration 
than epinephrine and norepinephrine in all strips 
tested. Intra-arterial administration of iso-
proterenol does not cause flushing of the skin [4 ]; 
perhaps, in physiologic dosage its action is on the 
vessels of the skeletal muscles and not on the 
vascular smooth muscle of cutaneous vessels. 
Blocking of the alpha receptors with phentola-
mine prevented catecholamine activity but beta 
blockade with propranolol did not, in contrast to 
skeletal muscle or coronary vascular smooth mus-
cle where beta blockade is effective [5 ]. The 
biphasic and then slight relaxation response 
observed by Bohr [5] with progressively more 
dilute solutions of norepinephrine and epineph-
rine were not observed by us. Bohr [5] interpreted 
such relaxation after alpha blockade in isolated 
skeletal muscle strips as due to the presence of 
beta receptors which had been unmasked. How-
ever, he showed strong effects of isoproterenol in 
activating beta activity, which we could not 
demonstrate in skin vessels. 
The vena cava of the rat and the umbilical 
artery of the human both develop spontaneous 
tone [6 ]. Johansson and Bohr [7] noted such 
TABLE 
Species variations in responses of isolated cutaneous 
arteriole strips 
Stimulus 
Source Hist- Brady- Sero-
amine kinin ton in 
Human breast 0 0 + 
Rabbit ear + 0 + 
Dog ear, leg 0 + + 
activity in dog paw vessels, particularly when the 
potassium chloride concentration was increased or 
after catecholamine stimulation. Spontaneous 
myogenic tone was observed by Uchida and Bohr 
[8] in three subcutaneous vessels of the rat. On the 
basis of their study of visceral and skeletal muscle 
arteries, they proposed that most small vessels (50 
to 100 micra in outer diameter) had spontaneous 
myogenic tone in contrast to larger vessels ( 100 to 
500 micra in outer diameter). They noted regional 
and species variations in spontaneous myogenic 
tone as well; rat, dog, and monkey vessels devel-
oped considerable myogenic tone whereas rabbit 
vessels did not. 
Our unpublished studies have demonstrated 
phasic activity in 19 of 37 ear skin vessel strips 
from 20 dogs and in 45 of 104 strips from 20 
rabbits. Our strips from human skin vessels (300 
to 500 micra in outer diameter) usually displayed 
spontaneous phasic activity which was not 
blocked by alpha or beta receptor blockade. On 
the contrary, alpha blockade appeared to increase 
the phasic responses and dilute catecholamine 
solutions competitively caused relaxation. Since 
potassium increases and calcium decreases such 
phasic activity [8 ], such changes in activity may 
be related to ion concentrations. 
Adenosine phosphate compounds were studied 
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because ATP has been reported [9] to be a most 
active cutaneous vasodilator on intra-arterial in-
jection in man and cat. Magnesium salts of ATP 
and ADP also have been observed to cause flush-
ing of the forearm [10]. A natural assumption 
would be that ATP would be converted to cyclic 
AMP by adenyl cyclase. However, cyclic AMP is 
not effective in high concentration. Studies with 
stimulation of adenyl cyclase, use of phos-
phodiesterase inhibitor, and the dibutyryl deriva-
tive of cyclic AMP will need to be done before the 
relationship of ATP to cutaneous vascular smooth 
muscle contraction is clarified. 
Histamine, acetylcholine, methacholine, and 
bradykinin are powerful vasodilator substances, 
particularly when given by intra-arterial injection 
in man. Similar intra-arterial injections have not 
been performed in denervated or sympathecto-
mized limbs, so the relationship to the nervous 
system must be considered. Feldberg [11] noted 
that intravenous injection of histamine caused 
flushing of the normal ear of the unanesthetized 
rabbit and vasoconstriction in the denervated ear. 
Similarly, de la Lande and Rand [12] and Starr 
and West [13] demonstrated that certain vasodi-
lators caused dilation only when nerve activity 
was present. Winkelmann et al [1] described type 
1 (nicotinate, procaine, papaverine) and type 2 
(histamine, bradykinin) vasodilators according to 
their direct effect on human vascular strips. The 
absence of reaction of human vascular smooth 
muscle strips to physiologic and pharmacologic 
amounts of type 2 agents and the materials tested 
here could indicate also the absence or modifica-
tion of receptors for these agents in the muscle 
cell. The activity of type 2 vasodilators must be 
related either to ( 1) arterial vessels larger or 
smaller than those studied here, (2) nerve, (3) 
ions, or ( 4) other mediators which then affect the 
smooth muscle cell in the intact animal. 
The pattern of response of the isolated human 
cutaneous arteriole strip is unique when compared 
with that of similar vessels of other species studied 
to date (Table ) . The differences in dog and rabbit 
skin have been noted before. The differences 
noted by Bohr [14] from organ to organ also must 
be important in determining organ blood flow. 
Regional and individual differences may prove to 
be significant, as our studies proceed, and actually 
could define the altered physiology in some states 
recognized as human disease. 
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